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Hess’s Law

Start
Finish

A State Function:  Path independent. 
Both lines accomplished the same result, 
they went from start to finish. 

Net result = same.
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Germain Henri Hess (1802 -1850)

Hess' Lawstates that the heat evolved or absorbed in a chemical 
process is the same whether the process takes place in one or in several steps.

In other words:

Since H (enthalpy) is a state function, the Since H (enthalpy) is a state function, the ΔΔH is independent of pathwayH is independent of pathway

Hess’ LawHess’ Law-- when going from reactants to products in a chemical reaction, twhen going from reactants to products in a chemical reaction, the ∆H is the he ∆H is the 
same whether it happens in one step or in multiple stepssame whether it happens in one step or in multiple steps
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Two Techniques for Hess’s Law

1. Manipulating chemical reactions 
algebraically 

2. Using an equation by obtaining the 
enthalpy of formation from a data table
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Rules for Manipulate Rules for Manipulate ΔΔHH

1.1. If a reaction is reversed, the sign of ∆H must If a reaction is reversed, the sign of ∆H must 
be reversed as well.be reversed as well.

2.2. The magnitude of ∆H is directly proportional The magnitude of ∆H is directly proportional 
to quantities of reactants and products in to quantities of reactants and products in 
reaction. reaction. 
If coefficients are multiplied by an integer, If coefficients are multiplied by an integer, 
the ∆H must be multiplied in the same way.the ∆H must be multiplied in the same way.
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Determine the heat of reaction for the reaction:

4NH3(g)   +   5O2(g)    ���� 4NO(g)  +  6H2O(g)

Using the following sets of reactions:

N2(g)  +  O2(g)   ���� 2NO(g) ∆∆∆∆H = 180.6 kJ

N2(g)  +  3H2(g)   ���� 2NH3(g) ∆∆∆∆H = -91.8 kJ

2H2(g)  + O2(g)   ���� 2H2O(g)  ∆∆∆∆H = -483.7 kJ

Hint: The three reactions must be algebraically 
manipulated to sum up to the desired reaction.
and.. the ∆∆∆∆H values must be treated accordingly.
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4NH3(g)   +   5O2(g)    ���� 4NO(g)  +  6H2O(g)

Using the following sets of reactions:

N2(g)  +  O2(g)   ���� 2NO(g) ∆∆∆∆H = 180.6 kJ

N2(g)  +  3H2(g)   ���� 2NH3(g) ∆∆∆∆H = -91.8 kJ

2H2(g)  +    O2(g)   ���� 2H2O(g)  ∆∆∆∆H = -483.7 kJ

Goal:

NH3:
O2 :

NO:

H2O:

Reverse and x 24NH3 ���� 2N2 +  6H2     ∆∆∆∆H = +183.6kJ
Found in more than one place, SKIP IT (its hard).

x2 2N2 +  2O2 ���� 4NO             ∆∆∆∆H = 361.2kJ
x3 6H2 +    3O2 ���� 6H2O            ∆∆∆∆H = -1451.1kJ
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4NH3(g)   +   5O2(g)    ���� 4NO(g)  +  6H2O(g)Goal:

NH3:
O2 :

NO:

H2O:

Reverse and x24NH3 ���� 2N2 +  6H2     ∆∆∆∆H = +183.6kJ
Found in more than one place, SKIP IT.

x2 2N2 +  2O2 ���� 4NO              ∆∆∆∆H = 361.2kJ
x3 6H2 +    3O2 ���� 6H2O          ∆∆∆∆H = -1451.1kJ

Cancel terms and take sum.

4NH3
+ 5O2 ���� 4NO + 6H2O ∆∆∆∆H = -906.3kJ

Is the reaction endothermic or exothermic?
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Determine the heat of reaction for the reaction:

C2H4(g)   +  H2(g)   ���� C2H6(g)

Use the following reactions:

C2H4(g)   +   3O2(g)   ���� 2CO2(g)   +  2H2O(l) ∆∆∆∆H = -1401 kJ

C2H6(g)  +  7/2O2(g)   ���� 2CO2(g)   +  3H2O(l) ∆∆∆∆H = -1550 kJ

H2(g)  +    1/2O2(g)  ���� H2O(l)  ∆∆∆∆H = -286 kJ

Consult your neighbor if necessary.
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Determine the heat of reaction for the reaction:

Goal: C2H4(g)   +  H2(g)   ���� C2H6(g)     ∆∆∆∆H = ?

Use the following reactions:

C2H4(g)   +   3O2(g)   ���� 2CO2(g)   +  2H2O(l) ∆∆∆∆H = -1401 kJ

C2H6(g)  +  7/2O2(g)   ���� 2CO2(g)   +  3H2O(l) ∆∆∆∆H = -1550 kJ

H2(g)  +    1/2O2(g)  ���� H2O(l)  ∆∆∆∆H = -286 kJ

C2H4(g) :use 1 as is  C2H4(g)   +   3O2(g)   ���� 2CO2(g)   +  2H2O(l)    ∆∆∆∆H = -1401 kJ
H2(g)     :# 3 as is      H2(g)  +    1/2O2(g)    ���� H2O(l)  ∆∆∆∆H = -286 kJ
C2H6(g) : rev #2       2CO2(g)   +  3H2O(l) ���� C2H6(g)  +  7/2O2(g)     ∆∆∆∆H = +1550 kJ

C2H4(g)  + H2(g) ���� C2H6(g)         ∆∆∆∆H = -137 kJ 
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Summary:
enthalpy is a state function
and is path independent.
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22ndnd method : method : 
Standard Molar Enthalpy of FormationStandard Molar Enthalpy of Formation

•• Symbol (Symbol (ΔΔHHoo
ff))

•• Change in enthalpy when 1 mol of a Change in enthalpy when 1 mol of a 

compound is formed directly from its compound is formed directly from its 

elements in their most stable state at elements in their most stable state at 

standard ambient temperature and standard ambient temperature and 

pressure (SATP: 25pressure (SATP: 25ooC and 100kPa) and all C and 100kPa) and all 

solutions have a 1.0mol/L concentration.solutions have a 1.0mol/L concentration.
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Writing Formation EquationsWriting Formation Equations

•• always write equation where 1 mole of compound is always write equation where 1 mole of compound is 
formed (even if you must use nonformed (even if you must use non--integer integer 
coefficients)coefficients)

NONO22(g):(g):

½N½N22(g) + O(g) + O22(g) (g) �� NONO22(g)(g) ∆∆HHff°°= 34 kJ/mol= 34 kJ/mol

CHCH33OH(l):OH(l):
C(sC(s) + H) + H22(g) + O(g) + O22(g) (g) ��CHCH33OH(l) OH(l) ∆∆HHff°°= = --239 kJ/mol239 kJ/mol
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Using Standard Enthalpies of Using Standard Enthalpies of 
FormationFormation ooo

s)f(reactantr)f(productspreaction ∆HΣn∆HΣn∆H −=

where where 
–– n = number of moles of products/reactantsn = number of moles of products/reactants
–– ∑ means “sum of”∑ means “sum of”
–– ∆∆HHff° is the standard enthalpy of formation for reactants ° is the standard enthalpy of formation for reactants 

or productsor products

•• ∆∆HHff° for any element in standard state is zero so ° for any element in standard state is zero so 
elements are not included in the summationelements are not included in the summation
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Thermodynamic Quantities of Selected Substances @ 298.15 K
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Example 1Example 1
•• Calculate the standard enthalpy change for the Calculate the standard enthalpy change for the 

reaction that occurs when ammonia is burned reaction that occurs when ammonia is burned 
in air to make nitrogen dioxide and waterin air to make nitrogen dioxide and water

4NH4NH33(g) + 7O(g) + 7O22(g) (g) �� 4NO4NO22(g) + 6H(g) + 6H22O(l)O(l)
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Example 2Example 2

•• Calculate the standard enthalpy change for the Calculate the standard enthalpy change for the 
following reaction:following reaction:

2Al(s) + Fe2Al(s) + Fe22OO33(s) (s) �� AlAl 22OO33(s) + 2Fe(s)(s) + 2Fe(s)
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Example 3Example 3

•• Compare the standard enthalpy of Compare the standard enthalpy of 
combustion per gram of methanol with per combustion per gram of methanol with per 
gram of gasoline (it is Cgram of gasoline (it is C88HH1818).).
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HomeworkHomework
•• Read pages 312Read pages 312--324324

•• Must Do: Must Do: 
•• Page 316 #41,43Page 316 #41,43

•• Page 323 #53,55,58Page 323 #53,55,58

•• Extra Practice:Extra Practice:
•• Page 324 #4,5,8,9Page 324 #4,5,8,9


